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NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS
TECENICAL NOTE NO. 1415

' THE EFFECT OF'-PBEEEATING AND POSTHEATING ON THE QUALITY |
OF SPOT WEIDS :m ATUMINUM ATIOYS . '

L Byw F. ‘Hess, R. A. hya.nt and F. J. Winsor
| SUMMARY

This repcrt is the result of further.wocrk in thé courss. of studies -
to improve the quality of spot welds in cluminum alloys. The present
investigation was perforiied te determine the effect of preheating and
postheating cycles on- tha quality and strength of spot welds in alumi- .
Hum alloys.  The welds for the nreheating study . .were mads by d.ischa.rging
two banks cf cond.en.eers in- sequsnce through a. condenser--discharge welding
machine, -the firet discharge serving to preheat the material and the
gecond to make the weld. Postheabing of spot welds was accomplished in |
an alternating-current welding machine by using a sequence timer to gom—
Brol the’ welrling cycle s cGol time, a.nd. postheat cycle.

The results of the investigation shcwed. that the combima.ticn of a |
slowly ris;.ng condepser—iischerge preheat curtent with a rapidly rising
welding current afforded no more freedom from expulsion than -was ob—
tained with the rapidly rising welding current alone, A double wave—
form combination of this type was in all cases infsrior to a single,
slowly rising welding current, With 0.0LO-inch Alclad 24S—T, -the =2d4di-—
tion of a slowly rising prehsat current to a slowly rising welding cur-
rent produced Bome beneficial rasults with regard to d.c,creasing expulsion,
but this combipation wes less effective with the bare 243-T end 615-T '
alloys., In most cases, hcwever, it is more precticable to decrease ex—
pulsion by raising the electrods forcé for welding, although with some
alloys this, too, has g d=finite limitation because of the introduction
of excessive sheet separation. Condenser—discharge preheating has no gp-—-
parent effect on the occurrenr‘e of cracks in ‘the w9165

Posthea,ting cf spot welds in 0. Om—irch Alciad 24S-T mad.e with al‘ber—
na:blpg, current had no effect ¢n their shear strength until the megritude
of postheating current was sufficlent to cause remslting of +the welds,
which greatly increassd the weld diameter snd the shear strength, -Radio—
graphic examination, however, showed no increase in the magnitude of -
cracks iu those welde in which romelting occurred e . e
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* INTRODUCTION.

This report describes.the results of an investigation to determine
the effects of prehegting and posthcating on the quallty of spot welds
in aluminum alloys. The welds for the preheating study were made with
a condenser—discharge welder by discharging two banks of condensers in
sequence. The purpogé of the firet dlecharge was .to.preheat the stock
between the welding electrodes, and the second current pulse, which
was of higher magnitude, produced the weld. The welds for the study of
postheatirg were made with a conventjonal alternating-current welder
using a Thyratron control panel and a sequence timer. The current—time
program was such as to produce a 6-cycle weld with a a-cycle cool time,
followed by a 30-<cycle poathoeat. . R

.A previous investigation ip which condenger—discharge welding
equipmont was used, indicated that a steep or rapidly rising welding
current was slightly superior to a shallow-wave-form current for welding
0.020-inch Alclad 2LS-T. (See reference l.) With the steep wave form
the weld strength was less aff'ected by changes in the welding current.
Becauge of the flatness of the strength—current characteristic in this
case, somewhat more freedom could be allewsd in setting a machine to pro-
duce sound welds of .2 given. strength. Attempts which have been made to
incorporate thile desirable feature into the welding of heavier gages of
Alclad 245 T and also other gluminum alloys by using steep~wave-form
welding currents have been unsuccessful. This is due to the greater -
tendency for expulsion and swface flashing when thicker or harder—
surface materials are welded with rapldly rising currents. The same
difficulty is encountered in welding glloye which are difficult to
treat chemlcally to produce low and consistent surface resistances.

The purpose of the investigation of .condenser—~discharge preheating,
therefore, was to determine whether tho additien of & shallow~wave-form
preheat to a steep-wave-form welding current would permit e realization
of the henefits of the steep-wave-form current by eliminating 1ts un—
desirable effects with regard. to expulsion and surface flashing

The matesrial used for this phase of the Investigation consisted of
Alclad 24S-T and 61S-T alloys in the O0.40-inch gage, and bare 2u4S-T in
the 0,040 and 0.0€4%-inch gages. Alclad 245-T may he chemically treated
in a -hydrofluositicic acid solution at room tempersature to produce a low
congistent surface resistance. ‘Becauge of its low surface resistance
and soft surfacs c¢lzdding, this glloy gives less trouble with regard to
expulsion ‘than most aluminum slloys. . (See reference. 2. } It has been
obgerved that, when the other we_lding conditions are optimum, en in—
crease in the thickness of Alclad 24S—-T requires g decregse in the rate
of current rise in ordsr to produge maximum freedom from expulsion.
(See reference 3.) This would indicate that the ezpulgiopn tendency is
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definitely related to the materiel thickness. The 615-T and bare 2uS-T
alloys have relatively high surface hardnesses and are difficult to
treat 1n hydrofluosilicic gacld or other solutions operated at room
tempera,‘bure to produce low, consistent surface resistances. These Hwro
factors are believed to be largely responsible for the difficulty in
obtaining freedom from expulsion when welding thess a.lloys.

The second phase of this 1nvestigation dealt w;th the use of an
alternating—curren‘b welding and postheating progra.m for spot-welding
0.040-inch Alclad 24S- A previous study in which ah alternsting-
current postheat was add.sd. to a cond.enssr—discharge welding current
failed to reveal any significant chenges in the weld properties. (See
reference 4.) This waes believed to be due to the insufficlent megnitude
of postheat current. It wes intended in the rresent investigation to
continue that earlier limited study on the postheating of spot welds
after modifying the electrcnic control circuit of the welding equipment.
The results of additional work indicated, however, that an ‘extensive re-
design of the equipment would be required in ordsr to synchroenize properly
the condenser-dischargs wave with the altermating-current postheat cycle.

Beceuse of the difficulties sncountered in combining the altermating-
current postheat with the condenser—discharge~-welding current, this pro-
cedure was abandoned, and & brief study was made with en alternating—
current progrem comsisting of a G6-cycle weld. with a 2—cycle cool time,
Tollowed by & 30-cycle postheat. :

These investigations have been performed at the Rensselaer
Polytechnic Instituts under the sponscrship end with the financial
essistance of the Nationel #dvisory Ccmmittee for Aeronautice.

EGQUIPMENT

The welding equipment for the condenser-discharge preheat studies
consisted of a Fsderal condenser—discharge welding machine and a Raytheon
flexible weld power control unit. The slectrcnic control equipment was
designed to permit the firing of two banks of copdepsers in sequence. The
first discharge served to preheat the stock and the second actually to
meke the weld. The design permitted considerable flexibility in the
selection of different transformer—turns ratios for preheating gnd weldirg
In order to simplify the circult as much as poessible, the preheat cond.ens-—
er bank was charged from the rectifler to the same voltage as the welding
condsneer bank. Therefore, as the voltage was raised to lncrease the weld-—-
ing current, the preheat current was also increased proportlonglly. The
initiation of the preheat current was accomplished when a microswitch on
the head of the welder energized a yelay in the ignition circuit of the
lgnitron tube which passed the preheabt current. At a preselected point
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cn the preheat wave the discharge of the Welding condenser bank was
initiated. : :

The welding for the study of the effect of postheat on the strength
of alternating-~current spot welds in Alclad 245-T was performed with a
Thomson—-Gibb, 200-k1lovolt-empere press—type spot welder, ueing a
General Electric Thyratron control panel and sequence timer. The welding
program’ §énsisted of a 6-cycle welding current, a 2.cycls cool time;, and a
30—cycle postheat. .The maegnitude of the wolding current wes held constant
for all welds, and the magnitude of . the postheat current wds.vaeried for,
different series of welds by means of & phase—shift control dn the ge—
quencé time®. ,

. PROCEDURE AND RESULTS - '
Condensermbiéchafge Preheating of Spot Welds

in 0.040-Inch Alclad 24S-T = -t

The Alclad 24sS-T used for this phase of the investigation wes .
chemically treated-at room temperature in a solution of hydrofluosilicic
acid, 1% percent by velume, pricr to spot welding. This treatment
produce. & consistently low surface resisténce. All welds were made
with a constant electrode force .of 600 pounds, since it was desired to
determine whethexr the. preheating would have any effect on the occur—
rence of cracks at this low value.of electrcde force, Normally, cracks
are best avoided by the application of a forging forcé of sufficlent
megnitude and properly timed with respect to the peak welding current.
The use of a forging force might be rescrted to for the prevention of
cracks in the event that preheating ghould not eliminate cracks anpd
yot should prove desirable for scme other reason, such as decreasing
the expulsion. Electrode tips, of Elkaloy A or SMS-101 alloy having
a spherical radius of 2% inches were used for the welding. The weld—
ing condltions are llsted in table I.

Pilgure 1, consisting of a series of strength—current characteristics
made with O. Oh0~inch Alclad 2ks-T, gives a comparison of results ob-
tained with this msterial both with and without preheat. As the welding
current was increased.to meke larger welds, the preheat current was in-
creasged-proportionately, because of _the menmey in which the electronic. )
control equipment was. designed._,_ o ‘ _ ) LI

The strength—current characteristic shown, in'figure 1(a) was ob— .
'tained without any preheat and with a welding current having a ateep
wave form, ' The numbers above each point on the stremgth—current
characteristic refer to the number of welds which expelled, out of the
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total of eight welds made at that point. This nwnber gives a gquantita-—.
tive indicetion of the expulsich tehdenby for t,,he different types of
current wave form. -This hkendency toward expuis* on 18 to be expected
with such a. steep wave from in combina.tion w‘th 'bhe low electrods force.
Osecillographic measurementy of the curren’c Wave form for figurs 1(8.),
together with corresponding measurements of thé other. types of wave
form for: figures l(b) to l(d.), are presented. in table II.

e nnt

P gure 1(b) shows the raeults Q‘btained with 8 shallow wave form,,ox_-
a slowly 'rising welding current without apy prehsat.’ ‘Frcm this, 1t ig :'.
evident that the shallow wave .form is to. be preferred to the steqp wave .
Torm of figure 1({a) because $f the larger welds which were made without_:_,'
expulslion. The maximum shear strength of welds having freedom fx-qm ex—-._"
pulsion was about 600 pounds for the shallow—current wave form as com—
pared with the.value of less than LCO pounds for the gteep—current wave
form... Both figures 1(a) and 1(b) show thet cracks occurred ipn welds of .
relatively small size in eech case, owing to the low elsctrode force.
In a further comparison of figures 1(a) apd 1(b) it-may be seen that
the pesk welding current required to produco & weld of the same size .
is mych: lower foi. the shallow cuxrent wave form than for the steep wa.ve
form, . This is-due to the -longer available heating tims before the . )
peak va.lue of current is.reached with the shallow wave form.. A slightly
higher energy Aischarge from tie condensers is alec required to make a
weld .of: the, same size with a gtvep ourrent wave form 'bha.n witb a .
shalicy arlr_e,ve fi'om. - _ Do . “ 1__

The chare.ctar;.stic ,obtainad. with a sha.llcw— wa.ve-—form prehea.t plus
a steep—weve—form welding .current is shown in figure 1(¢). In this.cése,
the peak current for preheating was approximately L7 percent of 'bhat
for welding, although the energy (1/2 CE®, where C 1is the condenser
capacitance eand E 1is the difference of potential) was only 20 percent
as great for preheating as for welding. Oscillegraphic measurements of
this current wave form are shéwn 1In table II. The curve ‘of figure 1(c)
indicates that little or no improvepment in results over those obtained
with the steep—wave~foim welding current alone (£fig. 1(a)) was effected
by bthe-addition.of the conlenser—discharge preheat. These data. woul&
indicate that. the .expulsion dus to the steep. wave. Porm wes, 8o _severe - |
thaty even with the preheat that was used, the results.wére stll;.l worsé
than with the shellow-wave~-form welding current a.lone. Another strength—-
current chayacterisfic was mede gfter the condenser capacitance for pré—
heating was xalegd from 150 to 300 microfare.ds In this case, the . ]
energy. for, preheating was 40 percent cf that for welding, Up to the .7
point at.yhich fusicn began to occur from the high values: of preheat, N
howaver, the rasults were peale) better than those shown in figure L(c).: :

‘l‘he ne,zt. wa,ve—fom gqmbination tried. wa.s_ thq,t of a sha.llow-w§.ve~
form Preheat plus: a-shallovwrwave~Torm we],ding cu.rrent. ‘The results a:ce
shown in figure-1(d), . In this case the peak current for preheating

-
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was 64 psrcent of that for #elding, and the energy for preheating was
20 percent of that for welding: ' The oscillographic measurements of the
current wave form are presented in table II. .The curve of Ffigure 1(d)’
shows & considerable improvement ¢ver any of the other resultes shown in-
figure 1. VWith this wave form, the meximum—-size welds which were ob-
tained without expulsion had an average shear Strength of about £00
pounds .a8 compared with a corresponding strength of 600 pounde obtained
with a shallcwawave~form,weldxng current ‘alone, as shown in figure 1(b).
Another series of welds %as made in which the condenser capacitance for
Ppreheating wvas raised from 150 to 200 microfaxads, thus increasing the
preheating-to-welding enetrgy ratio from 20 to 4O percent. No improve—
ment in resulta over those ‘shown in figure l(d) was. obtained with this
wave form, hovever. -

A comparison of all the curves in figure 1, shcws that the ‘pre—
heating had no ef*ect on the occurrenoe of cracks in the welds.

The use of & shallow~ana~form proheat in comblnation'w;th &
shallow-wave~form welding current effectiwvely lengthens the total time
of current {low and produces the same effect with regard to dscreasing
the expu]sion, as would be expected from a single—current discharge :
through a sufTiciently high turne ratio to give the same total time of
current flow. Expulsion can dlsc be decreased by increasing the elec-—
trode force, although at the expense of incrsasing the sheet separatioh
somewhat. Frcm the results of the work with copdenser-éischarge pro—
heating on Alclad 24S-T it would appear that the use of higher -
traneformer—turns ratios and higher electrcde forces are a much more

effective and economical means of redu01ng expulsion than the use of
condenaer—discharee preheating.

Condenser—Discharge Preheating ¢f Spot Welds
in 0.040-Inch snd 0.064-Inch Bare 24S-T -

It was cons;dered advisable to study the effects of preheat;ng on
bare 2LS-T because of "its_high tehdency toward. expulsion even when very-
ghallow—-current wave forms are used for welding. This tendency has bsen
attributed to the high surface hardness of the material and also to the
difficulty of obtaining a unifcrmly low.surface registance with rocm—
temperature etching solutions. (See reference 2.). It is known that the
expulsion can be minimized by using the highest available turns ratio
together with relatively high values of eloctrode force as compared with
those found to be adequate for alloys having scft surfaces. Even with
these consideretions, expulsion is still very often the Umiting de—
fect in the production of large welds .in the -hard materiale -and the use
of a preheat to decrease the expulsiQn further might prove gdvanpageous.
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Series of welds were made in 0.040-and 0,06h-inch thicknesses of
this material similer to those made in the study using O. O4O-inch Alclad
24S-T material.” In the 0.040-inch bare 24S-T, however, no welds were
made with s steep wave form alones, since the resul‘bs with Alclad 2us-T
ghowed such a procedure to be undesirablé and the higher surface hard—
ness of the bare alloy would be expected to cause even further trouble
then was encountered with the clad material. The welding conditions
that were used are shown in table III. The various strength—current .
characteristics obtained with 0.0LO—inch bare 24S-T treated in hydro— -+
fluosilicic acld are presented 1n filgure 2. The electrode force was
600 pounds, ‘and .the redius of the dome tips was 2}— inchees for each
series of welds. The curve obtained for welds mad.e with a shallow~wave-—
form welding current without any preheat (fig. 2(e)) shows that ex—
pulsion occurred with welds having shear strengths greater than 500
bounds. Figure 2(b), for a shallow-wave-form preheat plus. a. steep-wave—.
form welding current, shows these par'bicular conditions to be worse than
B shallow-wave-form weld.ing current alone, since expulsion occurred in
‘this case when the weld strength was greater than kOou pounds. The re—
pBults for & shallow-weve-form prehsat plus & sha.llow-wa.ve—form welding
turrent, shown in figure 2(o), appear to be slightly inferior to those
of figure 2(a) for the.shallow-wave-form welding current alone.

Thesel date indicated that a cond.enser——discharge preheat was of no
benefit from the standpoint of decreasing expulsion in lhie material
vith a welding force of only 600 pounds. It was believed that any
slight improvement which might have resulted from preheating was com—
pletely masked by the high expulsion tend.ency for the welds at such a
low welding force. The logical step was to continue the investigation,
using e higher elsctrods force for welding, The force selected was -
1200 pounds. ‘The new welding conditions are shown in tgble III. The
results, with this higher electrode force, for a shallow-wave-form
welding current and no preheat as.compared with & shallow-wave—form ., ::.
preheat plus a shallow-wave—fornm welding current, aré shown in figure 3.
From this, it may be seen that slightly improved resultes are obtained
with the preheat. Without prsheat, expulsion occurred in welds with
shear strengths slightly greater then 600 pounds. With the preheat,
the weld strengths approached T0Q pounds before expulsion occurred.
This smaell improvement would .economically hardly gJustify the use of g
double condenser-discharge wave form for welding this material, since
the same docrease in expulsion conld be. obtained ‘by a Blight Ancrease
in weld force, which would be & much more practicable solu'bion to_the . . - .-
problem. _ . . _ - .o oL

4
a

A series of welds was a.lso mads.in the O. 06h’—inch thicknees of this
alloy, using & sha.llow-wave-—-form preheat plus 8 shallow—-wave—fom welding
current. This double wave form, hcwever, produced. a slight but hardly
significant "improvement. in results over thogs ohtained with e shallow—
wave-form welding current alome, ss shown in figure h.

-
v

v
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In comparing the occurrence of cra.clcing in welds made with prehea,t
and without it in figures 2, 3; and 4, it may be seen that preheating
did not lessen 'bhe cracking tend.ency of gpot Weld.s in this a,lloy.

. ST
[

' Effect of Conde'nsexl-;—D‘ scharge 'Prehea.'bing on O. lt-O-Inch"6ls-'I‘ -

A umited study of 'bhe effects of cohdenser—discharge preheating
was 8lso made with the 61S~T alloy in the O.40-inch thickness., This
alloy, like bare 24S-T, has a relatively high surfsce hardness and does
not treat well in & rocwtemperature atching solution.: (See reference 2.)
As with bare 24S-T, these factors combine to give 61S-T & rather high
expulaion tendency when spot—-welded. with low alactro&e forces. _

The weld.ing conditions used for this material are shown in table IV,
The results oltalined in welding this alloy &at an electrode force of -
600 pounds, using varicus cprrent wave forms, are very simller to those
obtaeined with the bare 24S-T alloy. Figure 5(a) is the strength-current
characteristic obtained with a shellow-wave-form welding current alone.
The maximum~eize wold with freedom from eXpulsion had an average shear
strength of about 450 pounde in this case. Figure 5(b) shows the re—
sulte of ccmbining-a shallow-wave~form preheat with a steep-wedve~Lorm
welding current. - It 1s apperent that such a step is in the wrong dlrec—
tion, since expulsion cccurred with welds he.ving sheaxr” strengths greater
than 350 pounds. A shallow-wave-form preheat plus a shal low-wave-form
welding current (fig. 5(c)) give roughly the same results as a shallow—
wave-form welding current.alcne (fig. 5(a)). A previcus investigation
(refervence 2) has shown that a welding force of 1200 pounds will produce
mach more freedom from expulsion than wes obtained in these cheratter—
istice with an electrode force of 600 pounds. ~ As was the case for bare
24s-T, it may be concluded that an inorease in the welding force is much
more effsctive in decreasing expulsion from welde in this glloy than is
the use of a condenser-discharge preheat. The preheat had no effect on
the occurrence of -cracks, as was the case with the othpr alloys.

Alternating Current Weld.s with Postheat in O OhO-—Inch Alcle,d. oSy

The weld.ing for thie pa.r-b of the imfestigation was performed with a
Thomson~Gibb, - 200 kilovolt~ampere spot welder and s General Electric
Thryatron control panel and sequence timer. The material was chemically
treated in hydrofluosilicic acid solutlion, 1% percent by volume, at room
temperature.  The welding was performed with b—inch-radius dome tips, by
using a congtant electrode force of 750 pounds and a transformer—turns
ratio of 36:1. The welding program consisted of 'a 6-cycle welding cur-
rent, a 2~cycle cool time, and & 30~cy¢le pogtheat. The magriitude of
the postheat curreni-was.veried for different series of welds by means
of a phese-shift control. The welding conditions are tabylated in ~ -~
table V.
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The welds of series 1 may be considered equlvalent to welds made
wilthout any postheat, since the pastheating time was only 2 cycles
with a low phase setting. Series T represents sbout the meximum post—
heating current output which can be obtained with the present equipment.

The results of the shear tests of the weld.s are presented in table
VI. The data indicate that no improvement in shear strength was obtained
by postheating until the phase was set at 100 percent, in which case re—
melting occurred in scme of the welds and effectively lncreased the weld
dismeter. The radiographic examination reveasled that the welding con-
ditions were such as to produce incipient cracking in the welds, some
of the cracks being radlographically detectable. With this in mind it
is of interest that the remelting of some of the welds in series T,
although it produced larger welds, did not reBult in a.ny d.etectable in—
crease in the extent of cracking.

CONCTIUSIONS

As a result of the investigation of the effect of preheating and
postheating on ths qua.l“ ty of welds in aluminum alloys, 1t is concluded
that:

1. A slight reducticn in the tendency for expulsion with large welds
in 0.040-inch Alclad 2L4S-T was obtained by using a double condenser—
discharge wave form consisting of a slowly rising preheat current and a
glowly rising welding current.

2. A double condenser-discharge wave form effectively indreased the
total time of current flcw so that the heating and cooling was much
more gradual than could have been obtained with a single condenser—
discharge wave from, using the maximum transformer—turns retio of the
machine. . .

3. Steep~ocurrent wave forms increased the tendency towerd expulsion
in Alcled 245-T, bare 2LS-T, and 61S-T alloys, and this is probably
also true of other aluminum alloys. Expulsion with steep-current wave
forms was more pronounced in those alloys having high surface hardnesses
and also in those which were difficult to treat chemically to produce
a low, consistent surfgce resistance.,

4. The combination of a shallow-wave-form preheating current plus
e steep-wave~form welding current was inferior to a single fhallow-wave—
form welding-current discharge from the standpoint cf expulsion.

5. Shallow-wave~form prsheating and welding currents were ineffec—
tive in decreasing the expulsion of welds in hard alloys, such as bare
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24S-T and 615-T, when the electrode force for welding was low. At
higher electrode forces the douhle wave form decreased the expulsion
slightliy." Increasing the electrode force, however, ‘15 = much more
‘effective means of decreasing expulsion in these alloys.

_ 6. Condenser—djscharge preheating hed né epparent effecf'on'thé
occurrence of cracks in welds in 0.040—inch Alclad 24s-T, O 0Lo~— and
0.064-inch bare 24s-T, and 0.040~1nch 6lS—T ne

7. Postheating of. spot welds mede with alternating current had
no effe¢t on, their shear strength until the magnitude of the postheating
current was sufficient to cause remelting of the welds which greatly
increesed the veld diameter and the .shear strength.

8. Rediographic exsmination showed_no increase in the magnitude
of cracks in those welds in which remelting occurred because of a very
high postheating current, although-the diemeter and the strength of
the remelted welds were much greater than the others.

Welding Laboratory e s :
Rensselaer Polytechnic Institute :
Troy, N. Y., June 29, 1945
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TABLE I, — WELDING CONDITIONS FOR INVESTIGATION (F CONDERSER-
DISCHARGE FREHEAT ON 0,0h0-TNCH ALCLAD 2hS-T
[Electrode deme—tip radius, 25 in; electrode force,500 1b ; material vapor degreased, treated

8 min at 750 F in hydroflusosfiicic acid solution (l% percent by volume); swrface resistance,
5 to 10 microhms]

Type of

wave form

Condenser
vol tage

(volts)

Preheat

Weld

Tarng
ratio

Condenser
capacltence
(microfarads)

ratio

Condenser

capecitance

(microfarads)

Remarks

No preheat,
steep-wave—
form weld—
Ing current
(rapid
current rise)

No preheat,
shallow-wave—
form welding
current

(slow
current rise)

Shallow-wave—
form preheat,
steep-wave—
form welding
current

Shallow-wvave—
form preheat,
shallow-wavo—
form welding
current

1800-2300

20002800

1800-2400

2000~2800

398:1

396:1

150

150

103:1

398:1

103:1

156

50

750

See fig. 1(a)

| See fig. 1(b)

See fig. 1l{c)

See fig. 1(d)
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TABIE II.— OSCILIOGRAFEIC MEASUREMENTS OF CURRENY WAVE FORMS FOR SPOT WELDING O,0h0-IHCH ALCIAD 2LS-T

Condenser [ Total time of
Transf ormer- Condenser capacitance |Peak curremt Txs llimcond.a) to — current :rluv to
yps of tarne ratio voltage {microfarads) (amperes) :I'.i Ii/Ipt 10 porcent

wavae form Prehont| Wold (volta) Proeheat| Weldl X In Ip'/Ip (1) (2) ](:ﬁ) (x 100) (ninisecondsg
No preheat, 1800 37,000 k5 17 ll-
steep- 2000 1,100 L3 17.7
vave—Lore 2100 k2,200 b5 17.6
velding 103.1 2200 750 15,100 k.5 17.9
current 2300 k7, koo k.6 18,2
Bo proheat, 2000 30,700 12.%5 50,3
shallow- 2200 3&,000 12,9 5L.5
wave-form 2hoo 37,k00 13.6 5.0
welding 398:1 2600 50 4o, 700 13.1 .8
current 2800 Ly 800 1k.0 51.5
Eballov—- 1800 16,700 35,200 | O.kTh 6.8 13.2 16.5 | 60.0 30.3
wave-Lorm : 2000 18,904 ko, 000 e 6.8 1e.h 16.5 | 62.7 20.4
preheat, 398:1 |103:1 2200 150 750 |20,000 43,700 | - 458 6.8 13.0 17.0 | 611 30.9
& toep-wEve— 2300 21,504 4k, 800 480 6.6 _ 12,9 16.7 62.1 30.4
form weld- 2hoo . 22,600 k7,k00 | . N7T 6.6 12.5 16.5 | 62.3 29.7
ing cuwrrent N
Shallow— 2000 20,0004 30,800 | 0.651 6.8 1.6 21.7 | T70.4 57.8
weve-form 2200 21,5004 33,700 | .637 T.1 1.3 21.8 | 72.8 58,0
prehoat, 398:1 |398:1 2400 150 T50 |23,000 35,500 | .6k6 6.9 1.7 21.9 | 69.4 60.0
shallow— 2600 24,800 38,500 | .6hh 7.0 11.9 2.2 | 67.2 59.3
wave-Lforn 2800 27,400 k2,000 | .638 6.9 1.6 21.9 | 67.6 60.0
velding :
current

oie

= ]

O H

Hl B HATTONAT, AINISOHY
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NACA TN No. 1415 13

TABIE III. — WEIDING CONDITIONS FOR INVESTIGATION OF CONDENSER-DISCHARGE PREEEAT ON BARE 24S-T

[Ma.teria.l vapor degreased, treated 8 min at 75° F in hydroflucsilicic acid solution (1% percent by volums) ]

Preheat ) Keld
Condenser Radius

Material voltage Condenser Condenser [Electrode | of dome
thickness Type of range Turne capacitance | Turms cepacitance| force tips
(in,) wave form (volts) ratio | (microfarads)| ratio | (microfarads} (1b.) (in.)

29.0k0 Fo preheat, 1400—1900 —_ — | 398:1 750
shellow-wave—
farm welding

current

0.0L0 Shallow-wave— | 1400—1800 398:1 150 | 103:1 750 > | P60o 2
form preheat,
steep—wave~—
form welding

current

0.040 Shallow-wave— 1400-2000 398:1 150 398:1 750
Tform preheat,
she llow-Have—
form welding

current

0.0k0 No preheat, 1800-2600 — — 398:1 750
shellow-wave—
form welding c

current ) 1200 %

0.0L0 Shallow-wave— 18002600 398:1 150 398:1 750
form preheat,
shallow-wave—

form welding

current

0.064 No preheat, 18003000 —— _— 398:1 1200
shallow—wave—
form welding

current %

Shallow-wave— 1800—3000 398:1 k50 398:1 1200
form prebsat,
shallow—wave—
form welding

current

SsSurface resistance, 26 to 185 microhms.
b
See figure 2.
Csee figure 3.
urface resistance, 2k to 160 microhms.

NATIONAL ADVISORY
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TABLE IV. — WELDING CONDITIONS FOR INVESTIGATION OF C(NDENSER—
DISCHARGE PREHEAT ON O,O0lO-INCH 61S-T
Electrode dome—tip radius, * in.; electrode force,600 1b; materisl vepor degreased, treated

min at 75° F in ofluosilicic acid solution (1% percent by volume); surface resistance,
T5 to 1050 micrchma

Freheat Weld
Type of Condenser
wave form voltage | Turns Condenser Turns Condeneer Remerks
range |ratio | capacitance | ratio | capacitance
{volts) (microfarads) (microferads)
Ro preheat, 1400-2200 | — — — -— 39811 750 See fig. 5(a)
shallow-wvave—
form welding
current
Shellow wave— | 1400~2100 | 398:1 150 103:1 750 See Tig. 5(b)
form preheat,
steep-wave—
form welding E
current 0
r
Shallow-weve— | 1600-2400 | 398:1 150 398:1 T50 See £ig. 5(c) 1
form preheat, : =
-;hﬂllmmj;z— NATIONAL ADVISORY 2
orm we o
COMMITTEE FOR AERONAUTICS .
current A —
N
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NACA TN No. 1415

TABIE V. — WELDING CONDITIONS FOR STUDY (F EFFECT OF POSTEEATING

[Turnn ratio, 36:1; electrods force,750 1b; electrode dome—tip radius, b in.; surface re-—

ON ALTERNATING-CURRENT WEIDS IN O.O4O—INCE AICIAD 248-T

sistance, 5 microtms (1% percent by volums HpSiFs, room temperature) |

15

Generator Weld Postheat
Weld terminal Cool .
series voltage Time Phase time Time Phase
(volts) (cycles) (percent)| (cycles) (cycles) (percent)
1 575 6 92.5 2 2 £2.5
2 515 6 92.5 2 30 50
3 515 6 92.5 e 30 T0
L 575 6 92.5 e 30 8o
5 515 6 92.5 2 30 90
6 575 6 92.5 2 30 24
T 515 6 92.5 2 30 100
TABIE VI.— RESUITS OF SHEAR TESTS OF POSTHEATED SPOT WELDS
IN 0.0LO—INCH AICIAD 24sS-T
Postheat
Weld Shear strength
Time Phase {1b)
(cycles) (percent)
1a 2 22.5 505
b k%55
c 5
Av. L68
2a 30 50 455
b Lso
c 0
Av, L4862
3= 30 T0 185
b Las
c 470 )
Av. 450
ka 30 80 130 N
b u55 T :
c 440
Av. Lk2
Se 30 90 k45
b L65
c 223
Av. 478
Ta 30 . 100 485
Y . )
’ Av. L70
c 21105
a 21045
Av. 1075

8Remelted.
NATIONAL ADVISORY

COMMITTEE FOR AFRONAUTICS



Average shear strength, 1b
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NACA TN No. 1415

800 T
Weld 4
0O Cracked
3 4 | T
o X Expelled 1;___31————'““'—_—)1
4 e
/ FL
)/
0
34 36 38 40 42 44 46 48 50
(a) No preheat; welding current, steep wave form.
800 ——y¢
/)31-—/" 1 ©
400 ="
0
30 32 34 36 38 40 42 44 46
(b) No preheat; welding current, shallow wave form.
800
6
i =T
400 —
PR,
0 .
34 38 40 42 44 46 48 50
(c) Preheating current, shallow wave form; welding current,
steep wave form.,
L//n‘
0o
n)
400 el
NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
0 | l |
30 33 34 36 38 40 42 44 46

Peak current, kiloamperes

(d) Preheating current, shallow wave form; welding current,
snhallow wave form.

Figure 1l.- Strength-current characteristic of Alclad 24S-T. Thickness,
0.040 inch; electrode dome-tip radius, 2-1/2 inches;
electrode force, 600 pounds; chemically treated.
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600 T

Weld S //;ét/
O Cracked P’//)i
X Expelled m]
400 ,/’”/////

-

Average shear strength, 1b

300 e
o
18 20 23 24 26 a8 30 32 34
(a) No preheat; welding current, shallow wave form.
600
4 8
r//
200
//~
O2z 28 28 30 323 34 38 ° 38 40
(v) Preheating current, shallow wave form; welding current,
steep wave form.
600

NATIONAL ADVISORY COMMITTEE : 7
1 )i/

FOR AERONAUTICS

8
400 J//,/if’”

1

200 ’//

S

14 16, 18 20 22 24 26 28 30
Peak ocurrent, kilocamperes

(e) Preheating current, shallow wave form; welding current,
shallow wave form.

Figuer 2.- Strength-current characteristic of bare 248-T. Thickness,
0.040 inch; electrode dome-tip radius, 2-1/2 inches;
electrode force, 600 pounds; ~chemically treated.



Average shear strength, 1lb

8 NACA TN No. 1415

800
Weld | ! 8
e T —
800 |~ ©.Sound ,///¥t- b
® Dud [~
O Cracked '
{ Expelled
400 ‘
200 7
NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
0
(a) No preheat; welding current, shallow wave form.
800
3
D/
600
400 //
200 //
0
a0 24 28 323 36 40 44 48 52

Peak current, kiloamperes

(b) Preheating current, shallow wave form; welding current,
shallow wave form.

Figure 3.- Strength-current characteristic of vare 24S-T. Thickness,
0.040 inch; electrode dome-tip radius, 2-1/2 inches;
electrode force, 1200 pounds; chemically treated.



Average shear astrength, 1b

1200

1000

800

600

400

200

0

Figure 4.~ S8trength-current characteristic of bare 243-T. Thickness, 0.084 inch;
chemically treated.

No preheat; welding current, _%( G ’
shallow wave form. e / Weld
______ Preheating current, shallow o1~ e Dud .
— wave form; welding current; , /cr’ 0 Oracked
shallow wave form. ! I Expellsd
/d
s
”
./ ’
NATIONAL ADVIBORY COMMITTIE
FOR AERONAUTICS
30 34 38 43 46 50 54 58 63 66

Peak current, kiloamperes

eleotrode dome-tip radius, 4 inches; electrode force, 8060 pounds;

70
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Average shear strength, 1lb

20 NACA TN No. 1415
800

Weld
o Sound
;; Crack:d
Expalled
600 uid 3
/)(/
400 //’n”””,,,/’ﬁ
200 —
—T
(o}
20 22 24 26 28 30 32 34 36
(a) No preheat; welding current, shallow wave form.
400 3
]
|| 2 '
| —O
/
L
— | NATIONAL ADVISORY GOMMITTEE
FOR AERONAUTIOS
o) | | |
27 29 31 33 38 37 39 41 42
(b) Preheating current, shallow wave form; welding current,
steep wave form. '
600
X
. 1
400 /,D/
200 2
0
20 22 24 26 28 30 32 34 36

Peek current, kiloamperes

(¢) Preheating current, shallow wave form; welding current,
shallow wave form.

Figure 5,- Strength-current characteristic of 618-T. Thickness, 0,040
inch; electrode dome-tip radius, 2-1/2 inches; electrode
force, 600 pounds; chemically treated.



